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Koncerak, William F. Wildlife Biology
Determining the Effects of Fire Restoration on Elk Winter Range and Hiding Cover 
Director: C. Les Marcum
Hiding cover for elk and forage on winter range was evaluated following 
prescribed burning in the Bitterroot valley of western Montana. Underbum sites 
were identified and paired with representative control sites. Stands were sampled 
by measuring trees per acre, tree diameters at breast height, shrubs per acre, shrub 
diameters at breast height, percent cover of selected species on winter range, 
height of selected species, and general stand characteristics. Between July and 
November 1995, 400 plots across 25 prescribed fire stands and 15 representative 
control stands were sampled.
Stands were classified based on years since the prescribed bum, 0.5 to 2 
(1993-1995), 3 to 7 (1988-1992), and 8 to 19 years old (1976-1987), Field values 
were entered in the H1DE2 program to calculate mean stand values for hiding 
cover.
Changes to hiding cover and quantity of forage on winter range resulting 
fi’om prescribed fire were detected. Hiding cover values dropped immediately 
following the bum and, based on a regression of percent hiding cover by time for 
treatment areas, retumed to pre-bum levels after 25 to 30 years. A significant 
difference was found between control and treatment hiding cover values 
(t = 8.90; d.f. = 24; p^0.000). The mean was 8% for ages 0.5 to 2 years, 16% for 
ages 3 to 7 years, and 23% for ages 8 to 19 years. The mean hiding cover value 
across controls was 52%. Total cover of winter range forage species increased 
after the bum and remained above the pre-bum levels for approximately 15 years. 
Treatment percent cover of grasses increased over that of the controls after the 
prescribed underbum (t = 5.83; d.f. = 24; p^0.000). The mean for cover of grasses 
on control sites was 24% and for treatment grass cover it was 43%, No overall 
difference in the cover of shmbs between the treatment and control plots was 
detected (t = 0.56; d.f. = 24; p^0.584). Study results were applied to the elk use 
potential model (cover/forage function) to examine possible effects of landscape 
scale treatments.
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CHAPTER I
INTRODUCTION
Fires of low to moderate severity were a natural process in the Bitterroot 
Valley of western Montana prior to European settlement (Carlson et al. 1994). 
These fires, caused both by lightning and by Native Americans, occurred 
fi'equently and maintained open stands of ponderosa pine (Pinus ponderosa) and 
western larch (Larix occidentalis) (Fischer and Bradley 1987). Effective fire 
suppression since the turn of the century has produced significant changes in these 
plant communities (Gruell 1983). Survival of seedling trees increased because 
they were not regularly thinned by fire. This created overstocked stands of trees. 
The forage in the understory was then reduced as the trees matured and canopies 
closed. Park-like stands of fire-resistant ponderosa pine and larch have been 
replaced by dense thickets of Douglas-fir, (Pseudotsuga menziesii) and grand fir 
(Abies grandis).
The impacts of logging, grazing, tillage, and suburban development have
modified the valley bottom while selective logging of western larch and ponderosa
1
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pine have modified the adjacent forested mountains. In short, the landscapes now 
present in the Bitterroot Valley are much different fi"om those at the turn of the 
century (Carlson et al. 1994).
Trees are now highly vulnerable to insects like western spruce budworm 
(Choristoneura occidentalis) and diseases like root rot. Whitebark pine (Pinus 
albicaulis), an important food source for some wildlife species, has been impacted 
heavily by white pine blister rust (Cronartium ribicola), an imported fungus.
These changes are affecting species composition and stand structure across the 
landscape. The combined effects of these changes has created a forest health 
problem. Wildfire danger is potentially extreme because fuels have accumulated 
to uimaturally high levels over the landscape. Several thousand private homes are 
at high risk to wildfire in the wildland/suburban interface (Carlson et al. 1994). 
Action to counteract these problems has become necessary.
Viability of plant and animal populations is linked to the condition of the 
landscape mosaic at the scale of individual stands and the entire landscape. Each 
species responds individually to changes in landscapes altered by disturbance.
The condition of the forest stand, whether it is a disturbed young stand or an old- 
growth stand, will determine its value for food and cover. Natural disturbance and 
human activities affect landscapes at scales firom a few acres to thousands of acres 
(Lehmkuhl 1994), and managers must consider the proper scale for reaching 
management objectives.
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Returning fire to the environment is one approach that could improve 
forest health and reduce the risk that wild fire will damage site productivity or 
destroy human life and property (Thomas 1994). We can no longer manage the 
forest on a stand-by-stand basis but must take an ecosystem and landscape 
approach (Carlson et al. 1994). The Bitterroot National Forest currently is 
attempting to begin a program of ecosystem management and this approach 
involves restoring fire as a natural process. Reintroducing fire to this area can 
have significant effects on the existing populations of elk (Cervus elaphus 
nelsoni). This study is aimed at projecting the potential changes to elk hiding 
cover and winter range forage that may accompany restoration of fire regimes. 
Producing this information will be helpful to land managers implementing 
ecosystem level management.
The objectives of this study are to analyze the influence of prescribed 
burning on forage quantity of elk winter range and on hiding cover, and to relate 
the findings to the cover/forage function for habitat potential for elk (Lyon 1984).
The null hypotheses of this study are that low to moderate severity fires do 
not affect forage quantity on winter range or hiding cover for elk. They are stated 
for statistical purposes, but an effect is commonly expected. The researcher is 
attempting to estimate the effect and its magnitude (Box et al. 1978). I anticipated 
that underbuming to restore forest health will require trade-offs between hiding 
cover and forage quantity on winter range for elk.
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CHAPTER II
LITERATURE REVIEW
Prescribed Fire
Prescribed fire is commonly used to manage vegetation in the Western 
United States. Objectives of this burning include fuel reduction, site preparation, 
range and wildlife habitat improvement, and esthetics (Kilgore and Curtis 1987). 
With the increasing interest in landscape level management and the current thrust 
o f ecosystem management, prescribed burning will become an even more 
important tool to land managers. Mutch (1994) offered a historical perspective:
“Fires and ecosystems have interacted throughout time, establishing fire
as an influence in such ecosystem functions as:
• recycling o f nutrients,
• regulating plant succession and wildlife habitat,
• maintaining biological diversity,
• reducing biomass, and
• controlling insect and disease populations.
4
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An understanding of fire’s history, regimes, and effects is absolutely 
essential for today’s resource managers. And this knowledge must be 
applied on a landscape scale to restore the health of forests that are both 
fire-adapted and fire-dependent.”
Literature about the effects of fire on plant regeneration is extensive.
Bartos and Mueggler (1979) found that understory production decreased in the 
first year postbum, then increased well above that on the unbumed sites in the 
second and third years. One site produced 3,211 lb/acre (3,600 kg/ha) in the 
second year, almost double that found before burning. They also documented 
aspen suckers following the bum. Sites with heavy browsing pressure by elk 
supported 5,665 - 8,094 suckers per acre (14,000 - 20,000/ha) before burning and 
nearly double that during the second season following the bum.
Noste (1984) stated that fire plays a prominent, if not critical, role in 
establishing and maintaining ceanothus {Ceanothm velutinus) shmb fields. Severe 
fires usually are needed to establish evergreen ceanothus seedlings, and low 
intensity spring bums can increase ceanothus cover quickly and relatively 
inexpensively through regrowth from root crowns.
Peek et al. (1984) discussed prescribed fire and the factors to be considered 
before burning to improve habitat for bighom sheep populations. In their burning 
management program, the British Columbia Fish and Wildlife Branch 
recommended prescribed burning as a tool to reduce or retard encroachment of
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
brush or coniferous species. Peek et al. (1984) stated that the elimination of the 
forest canopy through burning has improved the conditions for bighom sheep on 
the Wigwam Flats, British Columbia.
Skovlin (1982) discussed how elk habitats and food supplies have been 
modified severely through human control of wildfire on elk range (Fig. 1). This 
control of fire was accomplished directly through suppression and indirectly 
through heavy livestock grazing which reduced ground cover and removed the fuel 
that carried fire. Post-fire succession of forbs, grasses, and shrubs provided 
excellent habitat for elk for 20 to 30 years until the forest canopy again reduced 
productivity in the understory (Fig. 2).
Elk Habitat and Cover Quality
Optimum elk habitat, as described by Thomas et al. (1979), is “the amount 
and arrangement of cover and forage areas that result in the maximum possible 
proper use of the maximum possible area by the animals” . Thomas et al. (1979) 
defined two types o f cover: hiding cover and thermal cover.
Hiding cover is vegetation capable of hiding 90% of a standing adult elk 
from the view of a human at a distance 200 feet (61 m)(Thomas et al. 1979). 
HIDE2 (Lyon 1987) is a computer program designed to simulate visual blockage 
by stems and vegetation in forest stands and evaluate hiding cover produced by
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Figure 1 : Acres burned by wildfire from 1910 - 1960 in national forest of Region 1, 
U.S. Forest Service (Leege 1968).
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Figure 2 ; Natural postfire succession (Skovlin 1982: from Lyon and Stickney 1966).
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that vegetation. A functional definition (Lyon and Christensen 1992) is as 
follows:
Hiding cover allows elk to use areas for bedding, foraging, thermal relief, 
wallowing, and other functions year-round. Hiding cover may contribute to 
security at any time, but it does not necessarily provide security during the 
hunting season.
Thermal cover is defined as a stand of coniferous trees > 40 feet (12 m) tall 
with an average crown closure > 70% (Thomas et al. 1979). Thermal cover 
modifies extremes in climate and provides security from disturbances (Wisdom et 
al. 1986). The variety of temperature regimes provided by thermal cover creates a 
range of opportunities for elk to conserve energy. Thomas et al. (1979) considered 
all levels of canopy closure to have some effect on thermal cover for elk. A stand 
with 0 - 39% canopy closure was considered submarginal, 40 - 69% marginal, and 
70 - 100% satisfactory. In addition, multi-storied stands were considered better 
for thermal cover than single-storied stands because they are ecologically more 
stable.
Thomas et al. (1988) divided cover into two classes, satisfactory and 
marginal, for the habitat-effectiveness index (HEX) for elk on the Blue Mountain 
winter ranges model. Stands that did not fit either of these classifications were 
defined as forage areas. The definitions for this model are as follows:
• Satisfactory cover is a stand of coniferous trees > 40 feet (12 m) tall with
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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an average canopy closure k 70%;
• marginal cover is a stand of coniferous trees k 10 feet (3 m) tall with an 
average canopy closure > 40%; and,
• forage areas are all areas that do not meet the definition of satisfactory or 
marginal cover.
The designation of thermal cover was dropped from the HEI to avoid arguments 
over semantics (Thomas et al. 1988). This also made aerial photographs more 
useful for identifying cover. The definitions of satisfactory cover and thermal 
cover are identical. Elk do make use of such cover, and this was thought to be 
related to thermoregulation. Whether such thermoregulatory activity occurs or is 
significant has been contested (Geist 1982, Peek et al. 1982).
Wisdom et al. (1986) divided cover into three classes, optimal, thermal, 
and hiding cover, for the model to evaluate elk habitat in Western Oregon. The 
definitions for this model are as follows:
• Optimal cover is defined as a forest stand with: 1) four layers consisting 
of overstoiy canopy, sub-canopy, shrub layer, and herbaceous strata; and 
2) an overstory canopy which can intercept and hold a substantial 
amount of snow, yet has dispersed, small (less than 1/8 acre) openings.
• Thermal cover is defined as a forest stand k40 feet tall with a tree 
canopy closure > 70%.
• Hiding cover is defined as above by Thomas et al. (1979).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER HI
STUDY AREA
Location
The sites used in this study occur in western Montana, from approximately 
5 miles south of Missoula to 9 miles south of Darby (Fig. 3). This area includes 
all of Ravalli County and part of Missoula County. The Bitterroot Mountains 
form the western and southern boundaries of the area, and Rock Creek, east o f the 
Sapphire Range, forms the eastern boundary. The prescribed underbums 
investigated in this study are on Stevensville and Darby Ranger Districts of the 
Bitterroot National Forest, and on the Missoula Ranger District of the Lolo 
National Forest. The majority of the sites are in the Bitterroot Mountain Range 
with additional sites occurring in the Sapphire Mountain Range.
11
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Figure 3 : Study area; approximately 5 miles south of Missoula to 9 miles south of Darby.
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Topography. Geolo^. and Land Use
During the Tertiary Period, the Bitterroot valley was deeply filled with 
alluvial material; during the Pleistocene this was partially covered with till fi"om 
large alpine glaciers in the surrounding mountains. During the last ice age. Glacial 
Lake Missoula filled the valley to an elevation of 4,350 feet (1,326 m), with a 
water depth of at least 2,000 feet (610 m) deep at the ice dam (Alt and Hyndman 
1986). The ice dam holding water in Glacial Lake Missoula broke and reformed at 
least 36 times. Substantial layers of sediment, mainly silts, were added to the 
valley floor during these times.
Today the Bitterroot Valley is principally devoted to ranches, farms, rural 
subdivisions, and small towns. A large portion of the land is irrigated by diverting 
water fi’om streams flowing fi’om the mountains. This irrigation, which began in 
the 1870's, has increased the land area suitable for moist-site vegetation 
(Lackschewitz 1991).
Elevation of the sites for this project range from 3,760 to 5,890 feet (1,146 - 
1,795 m). Aspects are on the warmer and dryer sites, principally south and east. 
Slopes are somewhat moderate, ranging from nearly flat to 59%, with an overall 
mean of 23%. Nearly all sites are accessible by road, although access is restricted 
seasonably by road closures in many areas.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Cünmte
This area experiences an inland montane climate, moderated considerably 
by intrusion of air masses originating over the northern Pacific Ocean. As these 
air masses move inland fi'om the coast they rise over the Cascade Range and the 
mountains of northern Idaho, releasing much of their moisture before reaching 
west-central Montana. The average annual temperature for Stevensville, Montana 
is 45 (7.2 °C). The warmest month is July, with an average temperature of 66
“F (18.9 ®C), and the coldest is January, averaging 23 ®F (-5.0 °C)(Lackschewitz 
1991). Mean average annual precipitation is 13 inches (33 cm). Autumn is cool 
and relatively dry. Winters are usually cold and moist. Most winters experience 
an extremely cold (below 0 °F) (-18 °C ) , usually brief, period associated with 
arctic air masses. Snowfall is moderate at lower elevations and substantially 
higher in the mountains, where snow depths may reach 5 to 10 feet (1.5 - 3.1 m) in 
April (Lackschewitz 1991). Relative humidity is normally high throughout the day 
in winter, with afternoon values averaging 70 - 80% over most of the area from 
November to February. During the fire season, mid-aftemoon humidity averages 
between 40 - 45% during most of May and June, dropping to 28 - 30% during late 
July through mid-August (Finklin 1983).
Microclimate is strongly influenced by the mountainous topography, 
resulting in diverse environments for vegetation. The microclimate on steep south-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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facing slopes is warmer and drier than the north slopes, and this can dramatically 
affect vegetation (Lackschewitz 1991).
Fire Danger
The season of moderate to greater forest fire danger runs from mid or late 
June to mid or late September. A rapid increase in fire danger typically begins 
during July and is closely related to the normal seasonal trends of precipitation, 
temperature, and relative humidity. Ignition of the drying fuels is abetted by the 
peak on lightning occurrence, often with little rainfall, during July and August. 
Fire danger is subject to greater year-to-year variation in August and September 
than in other months (Finklin 1983).
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
CHAPTER IV
METHODS
The methods of this study, initiated in December 1994, were to:
1. Identify and locate low- to mid-intensity underbums that have 
occurred within the past 25 years.
2. Select unbumed representative stands as controls.
3. Collect data on vegetation development for winter forage and 
hiding cover.
4. Analyze the influence of prescribed burning on elk winter 
range forage quantity and hiding cover for elk. Relate the 
findings to the cover/forage function for habitat potential for 
elk (Lyon 1984).
16
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Preliminary Design
Information pertaining to underbums and controls (hereafter referred to as a 
“stand”) was obtained from the Darby, Stevensville, and Missoula Ranger 
Districts. This included bum plans, stand information from the U.S. Forest 
Service Timber Stand Management Record Systems (TSMRS) Data Base and 
personal accounts from Fire Management Officers that have worked in the 
Bitterroot Valley for approximately 25 years.
The locations were then verified on the ground. This involved traveling to 
the bum site, determining that an underbum in fact occurred, and recording the 
perimeter of the stand. The stand was then delineated on a color copied aerial 
photograph (approximated to 1:24,000) or a 7.5 minute topographic map.
Unbumed areas near bum stands were selected as controls. Because 
vegetation varies in both space and time, space can be held nearly constant by 
utilizing this “paired-plot” design (Amo pers. comm. 1994). Selecting control 
sites proved to be quite time consuming. A large portion of the landscape 
surrounding the majority of the underbums has had some degree of management. 
The best available controls were selected, focusing on elevation and aspect, and 
compromising where necessary. Control stands were then delineated on aerial 
photographs or 7.5 minute topographic maps.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Randomization
The essential feature of random sampling is that any point within the area 
has an equal chance of being represented in the samples. This requirement is 
essential to allow for the observed variance of the data to be used as the basis of 
tests o f significance (Smith 1983). The approach for this study combined 
systematic and true random sampling. Samples were therefore collected by 
stratified random sampling of each stand.
Using aerial photographs, the selected stands were divided into 4 acre 
“blocks” by use of a dot grid (rationale for beginning with 4 acres is explained 
under Vegetation Sampling). Each block was then overlaid with a numbered grid 
and a randomly selected number fi-om this grid was the plot center. This resulted 
in each plot center being marked on the photograph or map. This procedure 
closely resembles the “random walk” method but alleviates the problem of over 
sampling the edge and ensures precision from the partial systematic approach.
Field procedure began by identifying a starting point, as in the “random 
walk” method. From this point, a measurement from the aerial photograph or map 
dictated the distance to travel and a bearing from the starting point to plot center 
dictated the direction. Pacing proved to be sufficient to locate the desired plot 
center (Smith 1983). The next plot was then located using the same procedure, 
beginning at the first plot location.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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Vegetation Sampling
Sampling intensity depends on the variation encountered in the field and the 
degree of accuracy required. Estimates by local silviculturalists suggested a 
starting point of one 1/10 acre plot per four acres as sufficient (McGuire pers. 
comm. 1995). The coefficient of variation for stands fi-om the U.S. Forest Service 
TSMRS Data Base was considered to obtain the number of plots on a stand-by- 
stand basis. After considerable discussion, having an orthogonal design with ten 
1/10 acre plots per stand, was felt to be the best approach.
Field Procedure
General stand characteristics
After the plot center was located, a clinometer was used to obtain the 
average slope for the plot. The fixed radius plot was corrected for slope using the 
U.S. Forest Service Timber Management Data Handbook (Appendix A). Marking 
the radius of the plot was facilitated by using a Spencer’s logging tape. Several 
radii were measured from the plot center to the perimeter.
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Habitat Type was determined using Forest Habitat Types of Montana 
(Pfister et al. 1977). Percentage overstory canopy closure was estimated ocularly 
from plot center. Elevation was taken from the 7.5 minute topographic map. 
Aspect was recorded with a compass at each plot and averaged for the stand. 
Depths of litter and duff were recorded with a pocket rule at each plot and also 
averaged for the stand. Tree height was recorded using the Spencer’s logging tape 
and clinometer.
Hiding cover
Hiding cover values were calculated using the PC program HIDE2 (Lyon 
1987). This program requires diameter at breast height (DBH) and density (plants 
per acre) of trees and shrubs. Trees <; 6 inches DBH are entered as either clear 
stem or open grown. Trees > 6 inches DBH are entered as a clear stem. This was 
a visual determination in the field. Recording tree species and DBH was greatly 
facilitated by the field form (Appendix B). Shrub species and foliage width at 4.5 
feet was recorded to the nearest 6 inches using a marked staff or expanding rule.
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Forage
During winter elk forage primarily on grasses or shrubs, depending on 
availability. This study was primarily concerned with the following understory 
species (Kufeld 1973, Nelson and Leege 1982, Marcum pers. comm. 1994). 
Nomenclature follows Hitchcock and Cronquist (1994):
Shrubs and Subshrubs 
Acer glabntm 
Amelanchier alnifoUa 
Arctostaphylos uva-ursi 
Berberis repens 
Ceanothus velutinus 
Juniperus communis, (horizontalis) 
Physocarpus malvaceus 
Populus tremuloides 
Prunus virginiana 
Purshia tridentata 
Ribes montigenum 
Salix scouleriana 
Sambucus coerulea (racemosa) 
Shepherdia canadensis 
Symphoricarpos albus 
Vaccinium caespitosum 
V. giobulare
Rocky Mountain maple
serviceberry
kinnikinnick
Oregon grape
evergreen ceanothus
common (creeping) juniper
ninebark
quaking aspen
chokecherry
bitterbrush
mountain gooseberry
scouler willow
blue (black) elderberry
buffaloberry
snowberry
dwarf huckleberry
blue huckleberry
Grasses and grass-like species 
Agropyron spicatum 
Calamagrostis rubescens 
Carex geyeri 
Festuca idahoensis 
Festuca scabrella 
Koeleria cristata 
Promus tectorum
bluebunch wheatgrass
pine grass
elk sedge
Idaho fescue
rough fescue
Junegrass
cheatgrass
Percent cover for each species occurring in the plot was visually estimated
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to the nearest 5%. Species with <1% cover were recorded as “T”, trace. The 
average plant species height was measured and recorded to the nearest 1.0 inch 
(2.5 cm) to account for volume. The field form substantially reduced the time 
required at each plot (Appendix B).
A brief description was written pertaining to the general stand 
characteristics, hiding cover, and forage. Photographs were also taken within the 
stand. The descriptions were used to check the corresponding numbers derived 
fi-om the HIDE2 program and the winter range forage values derived fi-om 
calculations.
Data Analysis 
General stand characteristics
The following general stand data were entered into a spreadsheet to obtain
an average for the overall stand.
age of bum 
slope 
aspect 
elevation 
canopy closure 
litter depth 
duff depth 
tree height
The stand averages where transferred into the statistical package SPSS 
(Nomsis 1995) for statistical analyses.
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Hiding cover
Field data were entered into a spreadsheet to calculate stand averages of 
trees and shrubs per acre. These numbers were then entered into the program 
HIDE2 to derive hiding cover values for treatments and controls. Ten HIDE2 
runs were executed for each stand to obtain a mean hiding cover value for the 
stand. The mean hiding cover values were then tested for significance using SPSS.
Normality was assessed by examining Shapiro-Wilk’s and Lilliefors tests 
for normality as well as Q-Q plots (normal probability plots). These tests 
indicated that normality was a reasonable assumption. This allowed for further 
tests using one-way ANOVA and paired t-test on the data.
Winter range forage
Mean values for percent cover of shrubs, grass and grass-like species 
(hereafter referred to as “grasses”), and combined totals (shrubs + grasses) were 
calculated. Plant height was then included to estimate volume. Average volume 
values were calculated for shrubs, grasses, and combined totals. Species ranked as 
“highly valuable” plants (Appendix D) were then selected and their averages for 
both percent cover and volume were calculated. The results for percentage cover 
proved to be the most useful.
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CHAPTER V
RESULTS
I sampled vegetation on 400 plots across 25 underbum treatment sites and
15 control stands from July to November in 1995 (Appendix C). The bum dates
ranged from 1976 to 1995 (Fig. 4). Treatments were grouped into three age
classes: age class 1 : young : bums 0.5 to 2 years old,
bum dates: 1993-1995;
age class 2 : moderate : bums 3 to 7 years old,
bums dates :1988-1992; and
age class 3 : older : bums 8 to 19 years old,
bum dates : 1976-1987.
Canopy closure showed a significant difference between control and
treatment (t -  9.80; d.f. = 24; PjgO.OOO)(Table 1). The mean for overstoiy canopy
closure for controls was 56%. The mean for treatment canopy closure was 26%.
Canopy closure also showed a significant difference between age classes (F =
4.46; d.f. = 2; P^0.024)(Table 2). The mean for age class 1 was 16%, for age
class 2 it was 29%, and for age class 3 it was 31%.
24
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
25
3 1
î - s V ' . » '
-
.
i- ' ' ? r
--------- — u
7B 78
Wj'td
w, IP M
l"h'r,"'W!h¥,m
f f  il" h i  i
. U  | | |
'1
V 1 '
1
1, *  1 1 
1
r | H  '
1 w
1
i l l
jljilfrji A
■
, | . , ! i  , ,  
1 i » l (
lll'lM'Sg
, . v , .
I ' l '  >
a
' i l l  1 i! . 
'
87 88
Burn Year
90 92 93 94 95
Figure 4 : Number of treatment sites by bum year.
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Table 1 : Control and treatment canopy closure.
Variable No. pairs Corr 2-tail sig Mean Std. Dev. SB of Mean
Control Canopy 
Closure
55.9 9.9 1.98
25 0.060 0.774
Treatment 
Canopy Closure
25.6 12.5 2.49
Paired Differences
Mean SO SE of Mean t-value d.f. 2-tail sig.
30.24 15.43 3.09 9.80 24 0.000
95% Cl 
(23.9, 36.6)
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Table 2 ; Treatment canopy closure by age class.
Source d.f. SumofSq. Mean Squares F Ratio F Prob.
Between Groups 2 1073.45 536.73 4.46 0.024
Within Groups 22 2648.31 120.38
Total 24 3721.73
Group count Mean Std. Dev. Std. Error 95% Cl for Mean
Age Class 1 8 16.1 4.5 1.6 12.4 to 19.9
Age Class 2 8 29.4 8.9 3.1 22.0 to 36.8
Age Class 3 9 30.8 15.6 5.2 18.8 to 42.8
Total 25 25.6 12.5 2.5 20.5 to 30.8
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Hiding Cover
As expected, there was a significant difference between control and 
treatment hiding cover values (t = 8.90; d.f. = 24; 0.000) (Table 3). The mean
for control hiding cover was 52% and the mean of treatment hiding cover was 
16%. Hiding cover values for treatment areas showed a significant difference 
between age classes (F = 3.96; d.f. = 2; P^O.034) (Table 4). Age class 1 had a 
mean o f 8% hiding cover, age class 2, a mean of 16%, and age class 3, a mean of 
23%.
Graphing the hiding cover values produced 2 horizontal lines representing 
means for both controls and treatments (Fig. 5). A regression of percent hiding 
cover by time for treatment areas produces a line that intercepts the mean for 
control plots (Fig. 6). From this regression I estimated that 25 to 30 years were 
required for a treated stand to return to pre-treatment levels of hiding cover.
Percent cover of grasses was higher on prescribed underbums than on 
controls (t = 5.83; d.f. = 24; P^G.OGO) (Table 5). The mean for percentage cover 
of grasses on control plots was 24%; while the percentage grass cover was 43% on 
treatment plots.
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Table 3 : Treatment and control hiding cover values.
Variable No. pairs Corr 2-tail sig Mean Std. Dev. SE of Mean
Control Hiding 
Cover
52.4 18.5 3.69
25 0.142 0.498
Hiding Cover 15.7 12.2 2.44
Paired Differences
Mean SD SE of Mean t-value df 2-tail sig.
36.74 20.64 4.13 8.90 24 0.000
95% Cl 
(28.2,45.3)
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Table 4 : Treatment hiding cover percentages by age class.
Source d.f. Sum of Sq. Mean Squares F Ratio F Prob.
Between Groups 2 946.37 473.19 3.96 0.034
Within Groups 22 2627.95 119.45
Total 24 3574.32
Group count Mean Std. Dev. Std. Error 95% Cl for Mean
Age Class 1 S 7.6 3.8 1.3 4.5 to 10.8
Age Class 2 8 15.9 10.8 3.8 6.9 to 24.9
Age Class 3 9 22.6 14.6 4.9 11.3 to 33.8
Total 25 15.7 12.2 2.4 10.6 to 20.7
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Figure 6 ; Hiding cover : treatment and control with treatment regression line.
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Table 5 : Treatment and control percent cover of grasses.
Variable No. pairs Corr 2-tail sig Mean Std. Dev. SE of Mean
Control Percent 
Grass Cover
24.2 11.0 2.20
25 0.498 0.011
Treatment Percent 
Grass Cover
42.5 18.0 3.59
Paired Differences
Mean SD SE of Mean t-value df 2-tail sig.
-18.33 15.72 3.14 -5.83 24 0,000
95% Cl 
(-24.8 , -11.8)
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Percent cover of grasses highly preferred by elk (see appendix D) was 
higher on prescribed underbums than on controls (t = 2.65; d.f. = 24; 
P^0.014)(Table 6). The mean percentage cover of highly preferred grasses on 
control plots was 15% and the mean cover of highly preferred grasses on treatment 
plots was 22%.
There was no overall difference in the cover of shrubs between the 
treatment and the control plots (t = 0.56; d.f. = 24; P£0.584)(Table 7). The mean 
cover of shrubs on the control plots was 26% and the mean cover of shrubs on 
treatment plots was 24%. I expected that the amount of new growth, or more 
palatable resprouts, would be accounted for by the volume measurements; 
however, the analyses of volume amplified the 2% difference in percent cover into 
the control having nearly twice the volume over the treatment.
There was also no difference in the cover of shrubs that are highly palatable 
to elk (appendix D) between treatments and control plots (t = 0.53; d.f. = 24;
P^ 0.604) (Table 8). The mean for percentage cover of highly palatable shmbs 
was 2% on control plots and the mean for the treatment plots was also 2%.
Percent total cover (grasses and shrubs) of understory winter range forage 
species was higher on prescribed underbums than on controls (t = 2.62; d.f. = 24; 
P^O.015) (Table 9). The mean for total cover was 50% for the control plots and 
the mean for treatment plots was 66%.
A scatterplot with a lowess line (an iterative weighted least-squares method
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Table 6 : Treatment and control percent cover of grasses highly preferred by elk (H P.).
Variable No. pairs Corr 2-tail sig Mean Std. Dev. SE of Mean
Control Percent 
H P. Grass Cover
14.7 9.57 1.91
25 0.346 0.090
Treatment Percent 
H P Grass Cover
21.6 12.82 2.56
Paired Differences
Mean SD SE of Mean t-value df 2-tail sig.
-6.93 13.08 2.62 -2.65 24 0.014
95% Cl 
(-12.62 , -1.53)
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Table 7 : Treatment and control percent cover of shrubs.
Variable No. pairs Corr 2-tail sig Mean Std. Dev. SE of Mean
Control Percent 
Shrub Cover
26.4 21.0 4.19
25 0.127 0.546
Treatment Percent 
Shrub Cover
23.5 18.1 3.63
Paired Differences
Mean SD SE of Mean t-value df 2-tail sig.
2.88 25.92 5.18 0.56 24 0.584
95% Cl 
(-7.8 , 13,6)
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Table 8 : Treatment and control percent cover of highly palatable (H P ) shrubs.
Variable No. pairs Corr 2-tail sig Mean Std. Dev. SE of Mean
Control Percent 
H P. Shrub Cover
1.75 2.46 0.493
25 0.257 0.214
Treatment Percent 
H P. Shrub Cover
2.13 3.43 0.686
Paired Differences
Mean SD SE of Mean t-value df 2-tail sig.
-0.387 3.67 0.735 -0.53 24 0.604
95% Cl 
(-1.90, 1.13)
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Table 9 : Treatment and control percent cover of total (grasses + shrubs).
Variable No. pairs Corr 2-tail sig Mean Std. Dev. SE of Mean
Control Percent 
Total Cover
50.2 22.56 4.51
25 0.305 0.139
Treatment Percent 
Total Cover
66.0 27.89 5.58
Paired Differences
Mean SD SE of Mean t-value df 2-tail sig.
-15.77 30.05 6.01 -2.62 24 0.015
95% Cl 
(-28.17,-3.36)
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to fit a curve to a set of points) drawn between the points shows an apparent trend 
(Norusis 1995). Analyzing this graph, the line peaks at about ten years after the 
bum treatment, remains above the percent cover of the control for 15 years, then 
drops to the level of the control after 15 to 20 years (Fig. 7).
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Figure 7 ; Percent cover for winter range forage species with lowess line.
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CHAPTER VI
DISCUSSION
Changes to hiding cover for elk and quantity of forage on winter range 
resulting from prescribed fire were recorded in this study. Hiding cover values 
dropped immediately following the bum and returned to pre-bum levels after 25 to 
30 years. Total cover of winter range forage species increased after the bum and 
remained above the pre-bum levels for approximately 15 years. Therefore, the 
null hypotheses that low to moderate severity fires do not affect winter forage 
production or hiding cover for elk were rejected.
Hiding Cavfer
Cover for elk has increased in importance due to accelerated timber
management (Leckenby 1984). Various researchers have noted the need for hiding
cover by elk. Hiding cover allows elk to use areas for bedding, foraging, thermal
relief, wallowing, and other functions year-round (Lyon and Christensen 1992).
4 1
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Marcum (1975) reported that elk spend more time in dense cover during hunting 
season than they do before the hunting season. Thomas et al. (1979) reported that 
optimum habitat for deer and elk requires hiding cover, perhaps because it gives 
the animals a sense of security. Hiding cover is requisite of habitat for elk and a 
component o f security (Lyon and Christensen 1992).
Results from this project show that prescribed burning significantly reduced 
hiding cover. Due to the current condition of the landscape and the small size of 
site specific underbums, this reduction in hiding cover is not a detriment to elk. 
Post-bum hiding cover was not a major concern at present. The principle concern 
was to reduce fuel levels and increase forage production. As techniques of 
ecosystem management are initiated which may include large scale bums, 
reduction in hiding cover may become a more important issue. In that case, the 
following issues associated with prescribed burning will require consideration.
Pattern of Burn
With landscape level treatments the “success” of an underbum may differ 
from that of a local treatment. Uniform bums create fairly homogeneous stands. 
Allowing islands of Douglas-fir to remain will reduce the amount of treated land. 
On site specific treatments this would result in loss of possible forage production, 
but on landscape level burning this should not pose a problem due to the large
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percentage of treated land. The objective of reducing heavy fuels to decrease the 
danger of wildfire can also be met while leaving scattered islands of Douglas-fir. 
Fuel loads could be reduced to approximately 5 tons per acre creating an effective 
fire break and the scattered islands of vegetation would contribute to elk security.
Budget constraints, fuel loads, private homes in the vicinity, public concern 
for air quality, and comfort level of personnel can all affect district burning 
decisions (Hvizdak 1996). If the incorporation of ecosystem management is going 
to include budget increases for landscape level treatments, there will be more 
opportunity for prescribed burning on a higher percentage of the total landscape. 
Should this prove to be the case, underbums initiated to allow for scattered islands 
of dense vegetation will be needed to provide security for elk.
Forest Roads
Forest roads are often used in the application of a prescribed underbum, 
acting as a fire line or fuel break as well as providing easy access of equipment 
and personnel. This allows for greater control of the bum and reduces the risk of 
the fire escaping. This can play a critical role in the Bitterroot Valley where there 
are several thousand private homes in the wildland/suburban interface (Carlson et 
al. 1994). It is important to note that the risk of a fire escaping in an area with 
private homes carries a higher consequence than a fire escaping in a more isolated
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area. Thus roads may play a critical role in reducing the risk of fire escapement in 
the Bitterroot Valley with larger scale treatments. If roads are incorporated into 
bum plans and result in a treatment stand along the roadside, it may be necessary 
to consider the effect on elk vulnerability. Numerous researchers have discussed 
the detrimental effects that roads and road density can have on elk (Thomas et al. 
1979, Lyon 1983, Hillis et al. 1991, Ager et al. 1991). The detriment to elk 
security from open forest roads would be compounded by reducing hiding cover 
over a large area. This concept reinforces the benefit of allowing for islands of 
dense vegetation to remain in order to contribute to hiding cover for elk, 
particularly along roadsides.
Elk vulnerability and security have recently become important issues, just 
as production of elk has been in the past. Thomas (1991) observed that the 
hunting experience and the effect of hunting on the welfare of elk are also 
important and must be addressed simultaneously with the production of elk. Elk 
management is changing so rapidly that elk vulnerability may be more important 
than production at present. The large amount of dense vegetaton currently on the 
landscape provides hiding cover for elk during the hunting season, but should the 
management objectives shift to larger treatments, attention to hiding cover may 
play a more critical role in elk security.
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Winter Range Forage
Many researchers have reported increases in forage after burning. 
Chokecherry, serviceberry, and shiny-leaf ceanothus all showed remarkable 
increases in productivity the first growing season after spring burning (Makela 
1990). Basile (1979) found that the numbers of aspen suckers on nine burned 
clones increased 178 percent in 3 years, with the response varying greatly among 
clones. Browse production on a mature ponderosa pine control site within a 
Douglas-fir/ninebark habitat type was only 2.7 Ib/ac. (0.5 kg/ha)(Warner 1970). A 
similar site, after being logged and broadcast burned 4 years previously, produced 
approximately 48 lb/ac.(8.8 kg/ha) Gruell et al. (1986) reported that use of 
prescribed fire reduced or eliminated Douglas-fir seedlings and improved growing 
conditions for a variety of forage plants by increasing available soil moisture, 
nutrients, and sunlight. Komarek (1984) cited numerous studies showing that 
vegetation regenerated after burning is always higher in protein, calcium, 
phosphorus, and other elements necessary for the health of animals.
Results from this study show that prescribed burning can significantly 
increase percent cover of forage species on winter range. The increased percentage 
cover came principally from grasses. Percentage cover of grasses on treatment 
plots was nearly double that of the control plots. Highly preferred grasses had 
equivalent increases in prodution in comparison to total grasses. Because all
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grasses had a significant increase, no benefit specific to highly preferred species 
was noted.
It was not possible to distinguish a significant shrub response between bum 
sites and controls. Makela (1990) reported that increased shrub production could 
be attributed, in part, to an increase in twig robustness. In this study, percent 
coverage was collected, as well as height estimates to obain volume. However, 
this sampling technique did not detect a significant shrub response. An increase in 
more palatable new growth might have been revealed by performing clipping 
studies.
Another trend was obvious when analyzing a graph of the total percent 
cover of treatment stands through time. An increase in forage plants occurred after 
the bum and remained above control levels for approximately 10 years. These 
data suggests a benefit for the quantity of forage on winter range, lasting up to 10 
years after an underbum is initiated.
In conclusion, a balance between hiding cover and forage on winter range is 
essential for elk habitat. Prescribed burning will provide an increase in forage 
production as well as a decrease in hiding cover for elk. Presently, reduced values 
of hiding cover are not of primary importance because of the large percentage of 
the landscape currently occupied by dense vegetation. Should the trends of 
ecosystem management allow for large landscape level treatments, a modified 
approach may become necessary. Reducing hiding cover through large scale
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prescribed bum treatments may cause more harm to elk than the benefit they 
receive from increased forage.
Winter ranges remain the single most site-specific consideration for elk 
habitat (Christensen et al. 1993). The view toward management of public land is 
changing rapidly as the concept of ecosystem management evolves. Traditional 
views of elk management will need to be modified to account for a rapidly 
changing world as stated in Elk Management in the Northern Region: 
Considerations in Forest Plan Updates or Revisions (Christensen et al. 1993):
“Traditionally, winter ranges for elk have been viewed as geographic 
sites on which animals concentrate seasonally because of snow depths. 
Heavy utilization of available plants, and animal die-off in severe winters, 
have been commonly recorded. For many years, the primary objective of 
management was to improve, or at least prevent deterioration of, existing 
vegetation.
In recent years, our understanding of animal physiology on winter 
ranges has modified this view. Forage is important, but in severe weather 
many animals substitute an energy-conservation strategy for forage intake. 
Thus, management of winter range to improve thermal cover and prevent 
harassment may be as important as anything done to change forage quantity 
or quality”.
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Elk Use Potential
The interspersion of cover and forage areas determine habitat use potential 
for elk (Thomas et al. 1979, Lyon 1984, Wisdom et al. 1986, Thomas et al. 1988). 
Elk use potential is a scaled representation of the maximum possible use by elk 
and is the standard against which habitat effectiveness is normally calculated 
(Lyon and Christensen 1992). Results from this study were related to an elk use 
potential model which considers the relationship between cover and forage areas 
(Fig. 8)(Lyon 1984). An area with high forest cover can be improved for elk by 
removing cover until an optimum ratio between cover and forage is obtained. 
Continued cover removal, however, will lead to a precipitous decline in elk use 
potential. This single cover/forage function was used to expand the findings of 
this project to a landscape scale.
It should be noted that elk use potential is a part o f habitat effectiveness. 
Habitat effectiveness is the percentage of available habitat that is usable by elk 
outside the hunting season (Lyon and Christensen 1992). Road density and traffic 
can contribute to habitat loss and thus decrease the habitat effectiveness. This 
study is principally concerned with cover and forage relationships and did not 
include analysis on open road density.
Both thermal and hiding cover are included in the cover/forage function 
(Lyon 1984). As noted in the Literature Review, thermal cover is a feature of
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Figure 8: Cover/forage (Lyon 1984).
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habitat that provides elk protection against adverse weather such as extremely high 
or low temperatures. Thermal cover is important to elk for maintaining an energy 
balance between fixed body temperature demand and extremes in ambient 
temperature (Skovlin 1982). When necessary, elk can find thermal cover in a 
stand with less than 70% canopy closure. As an example, where ponderosa pine 
stands are used for thermal cover, it is especially rare to find canopy closure 
approaching 70%. But as Thomas and others (1979) state, “...any cover is better 
than no cover”. Crown density of forest overstory has been shown to influence elk 
preference for cover (Skovlin 1982). Marcum (1975) showed that the most 
frequently preferred bedding sites occurred in stands with 75-100% cover.
Feeding was most common in stands with 0-25% cover.
As stated above, hiding cover is also included as cover in the cover/forage 
fimction. As noted previously, hiding cover is defined as vegetation capable of 
hiding 90% of a standing adult elk from the view of a human at a distance < 200 
feet (61 m) (Thomas et al. 1979). Hiding cover is a feature of habitat that provides 
elk security or a means of escape from the threat of predators or harassment. Sight 
distance is primarily a fimction of tree stems per acre in older stands that have high 
density crown cover and a clean forest-floor understory. In open or younger 
stands with crown cover less than about 75%, sight distance often is related to 
shielding effects of low-growing vegetation (Skovlin 1982).
Forage areas are defined as areas not considered hiding cover or thermal
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cover (Lyon and Christensen 1992). Yet, as noted above, forest forage areas that 
do not meet the strict definition of “hiding cover” are still valuable in providing 
some amount of security (Lyon pers. comm, 1996).
All stands in this study had an average tree height of at least 40 feet with an 
overall mean height of 65 feet for both treatments and controls. The mean canopy 
cover for control sites was 56%. These results meant that all stands for this project 
were classified as forested forage areas for the cover/forage function. Sites for 
this project were below approximately 5,000 feet (1,524 m) and on principally 
southern aspects. In general, sites further upslope and with more northern aspects 
will be moister and thus would most likely have higher canopy closures. For the 
purpose of relating the findings of this project to the elk use potential model, areas 
upslope, with a northern aspect were be considered to provide thermal cover. 
Hiding cover values, derived fi'om HIDE2, were applied to the model in the 
forested forage areas.
Mean hiding cover for the control stands was 52%. After bum treatments 
hiding cover was decreased to 8% for stand ages 0 . 5 - 2  years (age class 1), 16% 
for 3 - 7 years (age class 2), and 23% for ages 8 - 1 9  years (age class 3) (age class 
descriptions are defined under Results). When applying these findings to the 
model, a stand recently burned supplied some degree of hiding cover (8%) and 
after approximately 5 years the hiding cover value increased to 16%. After 14 
years the value would be 23% and after 25-30 years the value would return to
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pretreatment levels (52%).
The values from this study were first used with the elk use potential model 
on a representative 10,000 acre analysis unit. Each analysis area would be unique; 
however, this approach is used as a generalization to extrapolate stand effects to 
the landscape scale. Thermal cover was primarily on the upper edge and northern 
slopes of the analysis unit. Meadow was considered to be open areas and pasture 
equivalent of meadows. Hiding cover was considered to be areas of dense 
vegetation meeting the 90% definition requirement. This type of area would occur 
on sites with more moisture than southeastern aspects. The representative unit was 
divided into the following classifications.
• 3,000 acres (1,214 ha) in thermal cover,
• 1,000 acres (405 ha) in hiding cover,
• 1,000 acres (405 ha) in meadow,
• 5,000 acres (2,024 ha) forested at 52% hiding cover. 
The first run was the control, with no bum treatments. There were 6,600
acres (2,671 ha) in cover (3,000 ac. thermal (1,214 ha) + 1,000 ac. hiding (405 ha) 
+ 2,600 ac.( 1,052 ha) from the 5,000 ac. forest @ 52%) and 3,400 acres (1,376 ha) 
in forage (1,000 ac. meadow (405 ha) + 2,400 ac. (971 ha) from the forested).
This allows for 66% cover which corresponds with an elk use potential of 0.84. 
This value was extended across the graph in Fig. 9 to serve as a base line of 
comparison.
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The first hypothetical treatment size considered was a 200 acre (8 1 ha) bum 
within the 5,000 forested acres (2,024 ha). The hiding cover value of 8% for ages 
0.5 - 2 years was used for the 200 acre (81 ha) treatment. There were 6,512 acres 
(2,635 ha) in cover (3,000 ac. thermal (1,214 ha) + 1,000 ac. hiding (405 ha) + 
2,496 ac.(l,010 ha) fi'om the 4,800 ac. forest @ 52% + 16 ac. (7 ha) from 200 ac. 
(81 ha) treatment @ 8%) and 3,488 acres (1,412 ha) in forage( 1,000 ac.(405 ha) 
meadow equivalent + 2,488 ac. (1,007 ha) from the forested). This allows for 65% 
cover which corresponds with an elk use potential of 0,85 (Fig. 9).
This process was repeated for a hypothetical 400 acre (161 ha) bum 
treatment in the 5,000 forested acres (2,024 ha), and the 8% hiding cover value 
from age class 1 was applied. The bum treatment was increased in 200 acre (81 
ha) increments until the entire 5,000 acres (2,024 ha) was underbumed. This 
provided the upper line (for ages 0.5 - 2 years) on Fig. 9, which shows elk use 
potential increasing with the size of the treatment.
This type of analysis offers managers the opportunity to experiment with 
the size of treatments on specific areas of interest. After the area is classified into 
cover or forage areas, as explained above, the size of the treatment can be used to 
achieve the target level of elk use potential.
To examine the effect over time on elk use potential, the second and third 
age classes can be applied. The identical procedure to those above was repeated, 
but utilizing hiding cover values firom the corresponding age class (16% for ages 3-
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5 4
0.95
(ü
0.9c4>
za.
3  0.85
tu
0.8  -
0.75
I oo% oRco I oo oo os§CNo s § I gto 5
T rea te d  A cres
Figure 9: Elk use potental with hiding cover values for ages 0.5 to 2 years applied to 
cover /forage function with horizontal line representing control.
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7 years and 23% for ages 8 - 1 9  years)(Fig. 10). Elk use potential for 3- 7 year old 
bums occurs below the upper line for ages 0 . 5 - 2  years, and elk use potential for 
ages 8- 19 years occurs below bums 3 - 7  years old. These lines represent 
regrowth of the understory vegetation and a continued trend toward pre-bum levels 
o f elk use potential.
Forage quality is known to increase after a bum (Geist 1982, Komarek 
1984, Peek et al. 1984). Forage is also more likely to be more abundant in a stand 
with an open canopy closure when compared to a stand with a dense canopy 
closure. These effects on vegetation can be applied to the elk use potential model. 
This additional information can account for the fact that cover areas supply not 
only cover, they also supply some degree of forage for elk. Changes in cover, 
such as underbuming, will have an effect on elk habitat.
In an analysis to test changes in forage value, coefficients can be assigned 
to cover types. In the following example coefficients for forage values are applied 
to the cover types within the 5,000 acre block of the first example (Fig. 11). 
Meadow was arbitrarily assigned 0.8, treatment areas were assigned 0.6, forested 
@ 52% cover was assigned 0.3, hiding cover was assigned 0.2, and thermal cover 
was assigned 0.1. The coefficients for each cover type were multiplied by the 
corresponding acreage and their sum divided by 1,000 (division by 1,000 allowed 
for a single digit with 2 decimals).
The results showed a steady increase in forage value as the treatment size
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increased. This reflects a benefit that underbuming can have on forage on elk 
winter range. The habitat-effectiveness index models for elk on Blue Mountain 
Winter Ranges (Thomas et al. 1988) and for elk habitat in Western Oregon 
(Wisdom et al. 1986) incorporated steps to account for forage value. Analysis of 
the assumptions built into models should be studied before they are applied, 
particularly in areas outside the range of the initial data. Fully understanding the 
model can greatly facilitate its useful application.
The runs of the model on elk use potential described above considered the 
effect of treatments within 5,000 forested acres (2,024 ha). The following model 
runs considered bum treatments within thermal cover (3,000 ac.)(l,214 ha) and 
hiding cover (1,000 ac.)(405 ha) areas (with no treatments in the forested 
acres)(Fig. 12). Treatments in this more dense vegetation type showed an initial 
and more dramatic increase in elk use potential. This trend continued until 2,600 
acres (1,052 ha) were treated. At that point, there were 4,208 acres (1,703 ha) in 
cover (2,600 ac. from forested @ 52% (1,052 ha) + 1,400 ac. untreated (567 ha) + 
208 hiding cover acres (84 ha) from treatment @ 8% and 5,792 acres (2,344 ha) in 
forage (2,400 from forest @ 52% (971 ha) + 1,000 ac. in meadow equivalent (405 
ha) + 2,392 forage acres (968 ha) from treatment). This reflects the theoretical 
optimum ratio between cover and foraging areas with 40% classified as cover and 
60% classified as forage. Continued treatment above 2,600 acres (1,052 ha) 
however, will lead to a sharp decline in elk use potential. This reflects excessive
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removal of cover from the landscape.
The relationship between cover and foraging areas can significantly effect 
elk use potential. The results from these model runs show that large scale burning 
can either be a benefit or a detriment to elk use potential. This is dependant on 
how much of the landscape would be burned as well as the type of areas that 
would be effected. Applying the cover/forage function or use of a proposed model 
can contribute to habitat effectiveness and can assist in providing quality habitat 
for elk.
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Appendix A
TIMBER MANAGEMENT DATA HANDBOOK 
Circular Plot Radii Corrected for Slope
oiupc
% 1/300 1/100 1/50
■noi aize m Acres— 
1/20 1/10 1/5
0-9 6.8 11.8 16.7 26.3 37.2 52.7
10-17 6.8 11.8 16.7 26.5 37.4 52.9
18-22 6.9 11.9 16.8 26.6 37.6 53.2
23-26 6.9 12.0 16.9 26.7 37.8 53.4
27-30 6.9 12.0 17.0 26.9 38.0 53.7
31-33 7.0 12.1 17.1 27.0 38.2 54.0
34-36 7.0 12.1 17.1 27.1 38.3 54.2
37-39 7.0 12.2 17.2 27.2 38.5 54.5
40-42 7.1 12.2 17.3 27.4 38.7 54.7
43-44 7.1 12.3 17.4 27.5 38.9 55.0
45-47 7.1 12.3 17.5 27.6 39.1 55.2
48-49 7.2 12.4 17.5 27.7 39.2 55.5
50-51 7.2 12.5 17.6 27.9 39.4 55.7
52-53 7.2 12.5 17.7 28.0 39.6 56.0
54-55 7.3 12.6 17.8 28.1 39.8 56.2
56-57 7.3 12.6 17,9 28.2 39.9 56.5
58-59 7.3 12.7 17.9 28.4 40.1 56.7
60-61 7.4 12.7 18.0 28.5 40.3 57.0
62-63 7.4 12.8 18.1 28.6 40.4 57.2
65-65 7.4 12.8 18.2 28.7 40.6 57.4
66-67 7.4 12.9 18.2 28.8 40.8 57.7
68-69 7.5 13.0 18.3 29.0 41.0 57.9
70 7.5 13.0 18.4 29.1 41.1 58.2
71-72 7.5 13.1 18.5 29.2 41.3 58.4
73-74 7.6 13.1 18.5 29.3 41.5 58.6
75 7.6 13.2 18.6 29.4 41.6 58.7
76-77 7.6 13.2 18.7 29.6 41.8 59.1
78-79 7.7 13.3 18.8 29.7 42.0 59.3
80 7.7 13.3 18.8 29.8 42.1 59.6
81-82 7.7 13.4 18.9 29.9 42.3 59,8
83 7.8 13.4 19.0 30.0 42.5 60.0
84-85 7.8 13.5 19.1 30.1 42.6 60.3
86 7.8 13.5 19.1 30.3 42.8 60.5
87-88 7.8 13.6 19.2 30.4 42.9 60.7
89 7.9 13.6 19.3 30.5 43.1 61.0
90-91 7.9 13.7 19.3 30.6 43.3 61.2
92 7.9 13.7 19.4
66
30.7 43.4 61.4
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Appendix B 
FIELD FORM
1 of 2
Stand Name__________
Slope:________Aspect:
Can. Cov (%) P;_______
No.
Elev.:
_  Date: 
Photos:
Plot No,
/G: Tallest (5ft. )_ Ave.Ht.
Record widtl1 up to 6” DB T (O = o pen grown) Diameter Breast Height (dot ct.)
tree spp. 1 2 3 4 5 6 7 8 9 1
0
1
1
1
2
1
3
1
4
1
5
1
6
1
7
1
8
PIPO
PSME
tree spp. 1
9
2
0
2
1
2
2
2
3
2
4
2
5
2
6
2
7
2
8
2
9
3
0
3
1
3
2
PIPO
PSME
SOIL Ave. Litter Depth (in)_ Ave. Duff (in)
Elk /  deer sign
Evidence of bum (amount of charred material, height of char)
Year burned:
NOTES:
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68
Stand Name_______________________
CONSIDER ONLY LIVE FOLIAGE
Plot Number 2 o f 2 
4 1/2 ft. tall
SHRUBS AND SUBSHRUBS Common Name C C ov/Ht # / wd
Acer glabrum Rky. Mt. maple / /
Amelanchier alnifolia serviceberry / /
Arctostaphylos uva-ursi kinnikinnick / /
Berber! s repens Oregon grape / /
Ceanothus velutinus ceanothus / /
Holodiscus discolor ocean spray / /
Juniperus communis (horiz) com(cr) juniper / /
Linnaea borealis twinflower / /
Physocarpus malvaceus ninebark / /
Prunus virgin! ana chokecherry / /
Purshia tridentata bitterbrush / /
Ribes montigenum mt. gooseberry / /
Salix scouleriana scouler willow / /
Sambucus cerulea (racemosa) bl(bk) elderberry / /
Shepherdia canadensis buffaloberry / /
Symphoricarpos albus snowberry / /
Vaccinium caespitosum (glo)(mem) huckleberry / /
/ /
/ /
/ /
Centaurea maculosa spotted knapweed / /
GRASSES AND SEDGES CCOV/
HT
# / wd
Agropyron spicatum blbunch whgrs / /
Calamagrostis rubescens pine grass / /
Carex geyeri elk sedge / /
Festuca idahoensis Idaho fescue / /
Festuca scabrella rough fescue / /
/ /
/ /
Notes;
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Appendix C 
Treatment Sites and Locations
Site Name Bum Year Township Range Section
Brewster ‘95 1995 T ION R 16 W 14 NW'/4 ; 15 SE% NE%
North Tree Farm 1995 T ION R 20 W 3 NW% NW%
Charles Waters Eco I 1994 T ION R 20 W 32 NW'/4 and SW%
Charles Waters Eco II 1994 T ION R 20 W 32 NE%
Amo Tree Farm 1994 T ION R 20 W 3 SW'/4 NW% : 4 SE% NE%
Lick Creek I 1993 T 4 N R 21 W 19 NE‘/4 SW'/4
Lick Creek II 1993 T 4 N R21 W 19 SE'/4 SE'/4
Lick Creek UI 1993 T 4 N R21 W 29 NEVi NW'/4
Spoon McCoy South 1992 T 3 N R21 W 34 NW'/4 SW'/4
Spoon McCoy 1992 T 3 N R 21 W 33 NE‘/4 NE‘/4 : 34 NW%NW%
CW I 1990 T 9 N R 20 W 5 SW'/4 NW'/4
c w n 1990 T 9 N R 20 W 5 NW % SW'/4
Camas Creek ‘90 1990 T 5 N R 21 W 34 NW'/4
Camas Creek ‘89 1989 T 5 N R 21 W 27 NE'/4+NW'/4+SE'/4 of SW'/4
Brewster 1988 T ION R 16 W 15 SE 74 NW74
Camas Creek ‘88 1988 T 5 N R 21 W 27 SW% SW74
Rock Creek 1987 T 8 N R 17 W 27 SE% NW74
Rock Creek Companion 1987 T ION R 16 W 17 SE% SE74
Haley Chute 1987 T 2 N R21 W 23 center
Trapper Creek 1984 T 2 N R21 W 21 NE74 NE74 : 22 SW 7N W 7
Charles Waters I 1983 T ION R 20 W 29 SE74 NE74
Charles Waters II 1982 T ION R 20 W 28 NW74 NW%
Charles Waters III 1981 T ION R 20 W 28 SW% NW%
Mormon Peak 1978 T U N R 20 W 7 NW% SW74
Lost Horse 1976 T 4 N R21 W 8 SE% NW% : NE74 SW%
69
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Appendix D
Highly palatable shrub species 
based on Nelson and Leege (1982)
Amelanchier alnifolia
Ceanothus velutinus
Populus tremuloides 
Prunus virginiana
Purshia tridentata
Sambucus cerulea (racemosa)
serviceberry 
evergreen ceanothus 
quaking aspen 
chokecherry 
bitterbrush
blue (black) elderberry
Highly preferred grass (or grass-like) species 
based on Nelson and Leege (1982)
Agropyron spicatum 
Carex geyeri
bluebunch wheatgrass 
elk sedge
Festuca idahoensis Idaho fescue
Festuca scabrella rough fescue
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